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1
USE OF SERINE PALMITOYL
TRANSFERASE INHIBITORS FOR
PREVENTING AND DELAYING INHERITED
RETINAL DEGENERATIONS AND
COMPOSITIONS THEREOF

TECHNICAL FIELD OF THE INVENTION

The present invention relates to the use of serine palmitoyl-
transferase inhibitors for preventing and delaying inherited
retinal degenerations, and to compositions, in particular
based on lipid nanospheres, which contain them.

STATE OF THE ART

The term retinitis pigmentosa (RP) comprises a group of
inherited disorders which involve progressive degeneration
of the retinas of both eyes. The affected individuals suffer a
gradual loss of night vision and a reduction of the peripheral
visual field (known as “tunnel vision™), and with time central
vision may also be lost and the disease can progress up to
hypovision and blindness. Another typical characteristic is
the increased sensitivity to glare, in other words the delayed
adaptation in the change from light to darkness and vice
versa. The disorder may affect the photoreceptors (the cones
and predominantly the rods, responsible for peripheral
vision) or the retinal pigment epithelium, with a characteristic
deposit of pigment, to which the name of the disease is due.

Retinitis pigmentosa aftects approximately one person in
4000, is found all over the world and is currently untreatable.
At least 15,000 persons in Italy are affected, hyposighted,
without effective treatment, with an evident economic and
social impact. At least 150,000 individuals in the EU suffer
from this incurable disorder. As the disease is inherited but
does not affect the reproductive capacity, its incidence is
tending to increase due to the increased life expectancy in the
industrialised countries.

Hodge W G, et al (Can J Ophthalmol. 2006 August; 41(4):
481-90) describe the potential use of omega-3 fatty acids to
treat disorders of the retina and of the lens, and in particular to
prevent or delay the progression of retinitis pigmentosa.
However, the authors emphasise that clinical trials are at the
preliminary stage.

The use of some neurotrophic factors has been proposed,
however it is still at the experimental stage and is limited by
the fact that these substances have a protein structure, a high
molecular weight and do not freely permeate the cells. In
particular, Thanos C., Emerich D. (Expert Opin Biol Ther.
2005 November; 5(11):1443-52) describe the controlled
release of neurotrophic factors such as CNTF, BDNF, GDNF,
LEDGF, PEDF and others for the treatment of retinal disor-
ders such as retinitis pigmentosa, macular degeneration, glau-
coma and the like.

According to some authors, oral treatment with antioxi-
dants, such as docosahexaenoic acid (DHA), or with diet
supplements, such as vitamin A palmitate, delays secondary
degeneration of the retinal cones. However, the efficacy of
these treatments is still controversial among the scientific
community. Berson E L. (Int Ophthalmol Clin. 2000 Fall;
40(4):93-111) describes an attempt to treat degenerative reti-
nal disorders affecting the photoreceptors with nutritional
approaches, such as Vitamin A, E, K and B6 supplements,
low-protein diets, and the like.

Hyperbaric treatment is not particularly effective, although
some studies have observed a positive cell response, demon-
strated instrumentally with an electroretinogram (ERG),
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2

which showed a statistically significant increase in amplitude
in patients treated with oxygen in a hyperbaric chamber.

SUMMARY OF THE INVENTION

It has now been found that the administration in vivo of
non-toxic quantities of inhibitors of serine palmitoyltrans-
ferase, the enzyme that catalyses the first critical stage of
ceramide biosynthesis, is able to delay the progress of the
disorder, i.e. of retinitis pigmentosa, by reducing the degen-
eration rate of the photoreceptors, prolonging their survival
and improving their functional performances, and especially
the time window of residual vision.

It has also been found that the use of a lipid nanosphere
formulation not only allows the nanospheres to be loaded
with the serine palmitoyltransferase inhibitor obtaining aque-
ous dispersions with concentrations comparable to those used
for intraocular injections, but also provides a high concentra-
tion of the compound on the retina, especially at the interface
with the retinal pigment epithelium, releasing the drug and
not causing toxicity.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a shows histological sections of retinas.

FIG. 156 shows a quantitative analysis of the average num-
ber of rows of nuclei in ONL (outer nuclear layer) of MYR-
SLN (Myriocin-Solid Lipid Nanospheres) and U-SLN (Un-
loaded-Solid Lipid Nanospheres) treated mice.

FIG. 1c shows retinal vertical sections from two SLN
treated mice.

FIG. 1d shows T-test analysis of photoreceptor nuclear
rOws.

DESCRIPTION OF THE INVENTION

The present invention relates to the use of serine palmitoyl-
transferase (SPT) inhibitors for preventing and delaying
inherited retinal degenerations, i.e. retinitis pigmentosa, and
to compositions based on lipid nanospheres which contain
SPT inhibitors.

Examples of serine palmitoyltransferase inhibitors include
myriocin and the compounds specified in the following bib-
liographical references.

Sasaki, S. et al., J. Antibiot. 47: 420-33 (1994) describe
mycestericins, compounds structurally correlated with
myriocin, as SPT inhibitors.

VanMiddlesworth F., et al., J. Antibiotics 45: 861-7 (1992)
describe another class of potent SPT inhibitors, the sphingo-
fungins.

Other SPT inhibitors include cycloserine, D-serine, virid-
iofungin A and lipoxamycin.

US 20080249274 describes methods for the treatment of
atherosclerosis through administration of myriocin.

WO 2005092325 describes the use of myriocin for the
preparation of a medicament for the treatment of hypertrig-
lyceridaemia in mammals.

WO 2008046071 describes compounds with SPT-modu-
lating activity for the treatment of insulin resistance, cardio-
vascular disorders, metabolic syndrome and inflammatory
disorders.

WO 2008083280 describes compounds which act on SPT,
useful for treating insulin resistance, pancreatic beta-cells
apoptosis, obesity, cardiovascular disorders, dyslipidaemias
and fragile X syndrome.
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WO 2004039351 describes pharmaceutical compositions
containing lipid nanoparticles which are suitable for use in
ophthalmic field.

More particularly, the present invention relates to the use of
myriocin for preventing and delaying inherited retinal degen-
erations, i.e. retinitis pigmentosa, and compositions based on
lipid nanospheres loaded with myriocin.

Myriocin is a natural compound, of fungal origin, soluble
in the membranes and able to penetrate the cells freely, with
an inhibiting action on serine palmitoyltransferase.

The administration of myriocin induces inhibition of de
novo synthesis of ceramide, a sphingolipid present in murine
RP models.

It has been found that myriocin, administered in the retina,
is able to act directly on the metabolic pathways of the pho-
toreceptors, selectively inhibiting a metabolic pathway which
is activated during photoreceptor cell death in the inherited
retinal degenerative disorder, and thus partly inhibiting the
death of the photoreceptors affected by RP.

However, it should be noted that myriocin has no effect,
also unfavourable, on normal cells. This compound may
therefore be used to delay the progressive degeneration pro-
cess of the photosensitive retinal cells in retinitis pigmentosa,
thus prolonging the phase of usable vision in the subject
affected by that disorder. Since this is a slowly progressing
disorder, a delay, even a partial delay, involves a considerable
improvement in the visual performance of the affected sub-
ject, and therefore improves his/her quality of life.

It has been found that the administration of myriocin in
vivo to experimental animals induces selective changes
among the photoreceptors of the retina, whose survival is
prolonged, and a concomitant decrease in the degeneration
rate of these cells is observed.

Moreover, an increased visual performance of the retina,
measured with electroretinographic methods, has been
observed.

Myriocin treatment inhibits the active process of retinal
cell death, regardless of the mutation causing it. This is an
enormous advantage of the method used, since the major
difficulties involved in treating RP are due to its great genetic
heterogeneity.

Experimental Section

Studies designed to investigate the efficacy of myriocin in
the treatment of RP were conducted on an rd10 mutant mouse
model. This mouse presents a missense mutation of the beta
sub-unit of the rod-specific phosphodiesterase gene, and
mimics a form of autosomal recessive human RP. Rod death
begins at around 12 days of life (P12), and peaks at P24, as
demonstrated by the fact that an ERG (electroretinogram)
generated by the rods can be recorded up to P25. As regards
the death of retinal cones, the responses are extinguished at
P45.

Rod degeneration presents the characteristic features of
apoptosis.

A multidisciplinary approach, based on biochemistry, mor-
phology and electrophysiology, was used to establish photo-
receptor death as the objective through sphingolipid signal-
ling in the rd 10 mutant mouse, and the following results were
obtained:

A. Endogenous Ceramide Levels

The levels of the sphingolipid endogenous ceramide were
tested after isolation of the retina from anaesthetised rd10
mutant and wild-type (wt) mice of various age groups. The
isolated retinas were treated for lipid extraction, and the total
endogenous ceramide/inorganic phosphate ratio was deter-
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mined with the diacylglycerol kinase test. It was found that
the endogenous ceramide levels increase in the retina of rd10
mutant mice at the time of massive photoreceptor degenera-
tion, and remain constantly elevated at all the ages tested.
Conversely, the retinal ceramide levels in the wild-type (wt)
control animals with the same genetic background did not
change after full retinal maturity.

These results indicate that ceramide plays a causative role
in the apoptotic process which affects the photoreceptors,
leading to their death. So the residual retinal cells, which are
known to degenerate progressively (e.g. the cones, and the
bipolar and horizontal rod cells) may therefore die as a result
of a ceramide-dependent process.

B. Reduction in Endogenous Ceramide Levels Following
Myriocin Treatment

Single intravitreal injections of 500 nanoliters of myriocin
(188 mM) were administered to the right eye of rd10 and wt
mice aged P19. The vehicle alone (DMSO) was injected into
the left eye of the same animals. The left and right retinas
were isolated at P21, and treated separately for the biochemi-
cal ceramide test as explained above.

Significantly lower ceramide levels were consequently
found in the eyes of the rd10 mice treated with myriocin than
in the control eyes. This reduction in ceramide levels corre-
sponded to a marked reduction in the number of pyknotic
(dying) photoreceptors in the rd10 mutant mice, as demon-
strated by the following quantitative morphological method.

Conversely, the myriocin injection did not significantly
reduce the retinal ceramide levels in the wt mice.

C. Pyknotic Photoreceptor Count

The animals injected at P19 were collected at P21, and their
eyes were enucleated and fixed. The left and right retinas were
isolated, stained with fluorescent DNA-binding molecules,
and mounted on slides. The external nuclear layer which
contains the photoreceptor cores was sampled under the con-
focal microscope at regular intervals along the four retinal
meridians. The images were exported to a computerised
workstation, and the pyknotic photoreceptors were counted in
each scanned field. The total number of pyknotic photorecep-
tors was calculated for each pair of treated and control retinas.

It was found that the myriocin injection reduces the pho-
toreceptor death rate by approx. 50% (n=17 rd10 mice used,
34 eyes injected and counted). The estimated number of
pyknotic photoreceptors in the retinas treated only with
DMSO remained in the same range previously observed for
the retinas of the untreated rd10 mice used for other studies.

D. Histological Observations

From the histological standpoint, it was observed that the
rd10 and wt mice injected with myriocin presented normal
retinal morphologies. Moreover, the retinas of the mice with
GFP (Green Fluorescent Protein) in ganglion cells (Thyl-
GFP mice), injected like the others, showed excellent main-
tenance of the morphology of the ganglion cell and structure,
and the retinal stratification was good on the whole.

E. Toxicity Studies

Control experiments conducted before and during the stud-
ies illustrated above demonstrated that intraocular injections
of myriocin do not cause adverse effects on either rd10 or wt
mice. It should be noted that myriocin has only rarely been
used in vivo to date, and never injected intraocularly. The dose
was chosen on the basis of the available literature on cultured
cells, calculating a dilution of 74 times, due to the vitreous
humour. A time window was selected for intraocular admin-
istration which preceded the peak death of the apoptotic pho-
toreceptors, for the crucial reason of preventing the majority
of photoreceptors from entering the apoptotic cycle. Finally,
toxic effects were excluded on the basis of the fact that no
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general or local inflammatory response symptoms (e.g. inva-
sion by macrophages) or increased ocular reactivity were ever
observed in the treated animals.

F. Functional Recovery of Photoreceptors

The functional recovery of the photoreceptors was studied
by recording a flash electroretinogram (ERG), a technique
widely used to test the retinal physiology of human patients,
especially those suffering from RP.

Two groups of rdl0 mice injected intraocularly as
described above presented no recovery of ERG response/
reaction in the eye injected with myriocin compared with the
other eye injected with the vehicle, suggesting that the dose of
myriocin administered with a single injection was too low to
produce detectable changes in a marked reaction of the pho-
toreceptors to light. Even repeated intravitreal injections of
myriocin did not constitute a protocol suited to the small size
of the eyes of the mice (and the same mice at approx. P19):
repeated general anaesthetics and intraocular injections
involve ahigh risk of death of the animals and development of
cataracts respectively.

A new, non-invasive method of myriocin administration
was therefore developed, based on the use of lipid nano-
spheres. These are particles consisting of lipids with a mean
diameter preferably of between 40 and 240 nanometers, pro-
duced according to EP 526666 and WO 2004039351. As a
result of the use of that formulation it was possible to load
lipid nanospheres with myriocin, obtaining an aqueous dis-
persion at a concentration comparable with that used for
intraocular injections.

The ability of fluorescent nanospheres, loaded of fluores-
cent dye and not loaded with the active ingredient (empty), to
reach the interior of the eye was first evaluated. On observa-
tion with the confocal microscope it was found that 24 hours
after the administration of these nanospheres to the eye sur-
face, the fluorescent particles were highly concentrated on the
retina, especially on the interface with the pigment epithe-
lium.

Lipid nanospheres loaded with myriocin at a concentration
of 0.27 mg/ml, were administered to litters of rd10 mutant
mice. When their eyes opened (P14), each litter was divided
into two groups: the first group received nanospheres loaded
with myriocin in the form of eyedrops every day (750 nano-
liters per eye), and the second received unloaded (empty)
nanospheres, with the same chemical formulation but without
myriocin. The ERG recordings taken to evaluate possible
functional recovery of the photoreceptors began at P21 (the
age when recordable ERGs are greatest in this mutant), and
continued to P30. In the untreated rd10 animals, the ERGs
induced by the rods were extinguished at that age. In the rd10
animals treated with myriocin-loaded nanospheres, the thera-
peutic effect of the medicament was observed particularly at
P24 (peak death of the photoreceptors) and in the interval
P28-P30. At this late age, a clear cone-induced response
persisted in the animals treated with myriocin, compared to
the control group.

The persistence of cone-induced responses after the time of
total extinction of ERG in the rd10 mutant mice is a very
important result. The residual vision of human RP patients is
based on the cones, which are inexorably destined to die after
the death of the rods.

Following ERG recordings, animals were enucleated, their
eyes fixed and sectioned and retinal sections stained with
fluorescent nuclear dyes to evaluate the thickness of the outer
nuclear layer (ONL) and the overall retinal morphology.

Histological sections of the same retinas from which the
ERGs were obtained are shown in FIG. 1a.
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ERG responses to flashes of light of increasing intensities
were obtained from two rd10 mice aged P24. Larger grey
traces are responses from one MYR-SLN (Myriocin-Solid
Lipid Nanospheres) treated mouse while black traces are
from a control animal.

The number of preserved nuclear rows in the ONL is sig-
nificantly higher in the myriocin-treated than in the control
mouse.

A quantitative analysis of the average number of rows of
nuclei in the ONL of MYR-SLN and U-SLN (Unloaded-
Solid Lipid Nanospheres) treated mice is given in FIG. 1.

Plots of scotopic ERG responses obtained from a cohort of
rd10 mice aged P21-P35 are shown. Positive values indicate
the b-wave and negative values indicate the a-wave ampli-
tudes of the ERG. Mice treated with MYR-SLN (grey dia-
grams) show better a-wave responses in the time window
P27-P35 (*:p<0.05 Wilcoxson-Mann-Whitney test).

FIG. 1c¢ shows retinal vertical sections from the two SLN
treated mice from which ERG traces on the left were
recorded. The number of photoreceptor rows in the MYR-
SLN treated animals is higher than in the control, indicating
increased survival.

In FIG. 1d T-test analysis shows that the number of photo-
receptor nuclear rows is higher in MYR-SLN treated retinas
in the P24-P30 time interval.

Consequently, continual administration of myriocin in the
form of lipid nanospheres constitutes a non-invasive way of
protecting the photoreceptors from progressive degeneration
in retinitis pigmentosa.

G. Discussion

The results described above demonstrate that it is possible
to reduce the apoptotic death rate of photoreceptors by reduc-
ing the retinal ceramide levels through inhibition of de novo
ceramide biosynthesis.

The results obtained therefore demonstrate that a reduction
in photoreceptor degeneration can be maintained after admin-
istration of myriocin. Consequently, the use of myriocin
according to the invention can be considered an effective
therapeutic strategy to help keep the photoreceptors (which
are otherwise destined to die) viable for a longer period of
time.

This is particularly interesting in view of the fact that the
moderately aggressive phenotype and maintenance of the
retinal architecture typical of the rd10 mutant mouse identify
patients with recessive phosphodiesterase mutations as pos-
sible candidates for gene treatment.

It is also generally believed that a small increase in the rod
survival rate would probably lead to proportionally longer
viability of the cones.

For the recommended therapeutic uses, the compositions
according to the invention may preferably be formulated, as
described above, in the form of lipid nanospheres for topical
ocular administration, which constitute one aspect of the
present invention. The method of preparing said nanospheres,
as indicated above, is disclosed in EP 526666 and WO
2004039351.

The compositions according to the invention can also be
formulated in other ways suitable for topical ocular adminis-
tration, for example in the form of eyedrops or injections for
ophthalmic use, such as intravitreal, subconjunctival, intrac-
ameral or retrobulbar injections, possibly using suitable
excipients, where permitted, and may be prepared according
to conventional methods well known in pharmaceutical tech-
nology, such as those described in “Remington’s Pharmaceu-
tical Handbook”, Mack Publishing Co., N.Y., USA.
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The invention claimed is:

1. A method for treating and delaying retinitis pigmentosa,
comprising administering an effective amount of myriocin to
a subject in need thereof.

2. The method of claim 1, wherein the myriocin is admin- 5
istered in pharmaceutical form suitable for ophthalmic
administration.

3. The method of claim 2, wherein said pharmaceutical
form is in the form of lipid nanospheres.

4. A method of reducing the degeneration of photoreceptor 10
cells in a subject having retinitis pigmentosa, comprising
ocularly administering an effective amount of myriocin to a
subject in need thereof.

5. A method of inhibiting de novo synthesis of ceramide in
a subject having retinitis pigmentosa, comprising administer- 15
ing an effective amount of myriocin to a subject in need
thereof.

6. The method of claim 1, wherein the myriocin is admin-
istered to the subject ocularly.

7. The method of claim 6, wherein the myriocin is admin- 20
istered to the subject by intravitreal, subconjunctival, intrac-
ameral or retrobular injection.
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